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(57) Abstract: A method for manufacturing a semiconductor device comprises a step of grow- 
ing a nitride semiconductor layer on a substrate of a different type, a step of, thereafter, joining 
a support substrate to the nitride semiconductor layer, and a step of, thereafter, removing the 
substrate of the different type. In the joining step, a conductive layer is formed of an alloy 
eutectic. In the different-type substrate removing step, the removal is effected by laser beam 
application, polishing, and chemical polishing. The method further comprises a step of sepa- 
rating the nitride semiconductor layer into chips by etching the exposed surface of the nitride 
semiconductor layer after the different-type substrate removing step. The method further com- 
prises a step of forming projections and recesses in the exposed surface of the nitride semicon- 
ductor layer after the different-type substrate removing step. 
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(DSr, CafK«Sr-CaOifti^n. Sr, Ca, Sr-C 
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n#£, S i Sfc, W*fc, EuO^ttEutOs^ 

^ber-f^Rt^'fbn.^Ptr^AOW^^, &0. l/zm*6 1 

±IBSS4 , Ktt> Mg, Sr, Ca, Ba, Zn, B, Al, Cu, Mn, C 
r > Ofttf N i *6fc5iM:D»J*ft<54>fc< fcfe 1 ®&±*^£ftWTt> 
10 «kt>. Mg, Zn, B^©±|B7C*&OT©S'&X@fc*ViT, 13^1^ 

s, CuaOs> MgCh, M.gO-CaO> A 1 2O3, &JR*#fttf& (CrB, 
Mg 3B2, A1B 2 , MnB) , B2O3, CU2O, CuOftWS. 

15 (SDitBtMfrfcfr^&ft, Sr, Ca, Sr-CaOSftft, S i ©gfct/, E 

®Mk\Z, Sr, Ca, S r - C a ©gfttl, S i ©gfttl, Eu0ft^*!lE 
20 u 2 0 3 (D}I£^£7> ; &-7flH^,*T, j&ETfSo ttldtlCfcO, Mn»fl$ 
tlfc (SrxCai-x) »S i bNs : Eu^$nSM^#5tt*tT?t5. & 

fil^W:, W*p, 'hS* 3 , MnW, *9)WUE*®.mirz>z.tiflX%Z>. 

25 1200*6170 0*C©$&HT£lf&£fT 5 H £#Tf#S#> 1 4 

0 0*6 1 7 0 0*C©ttffcffi&##i;bV>. ttJ&fcJU *fc*fc#Wa&frV> 1200 
*6 1 5 0 01CT?*ll#n*(^*ff5-«»^*«fflT*ca:^ff*b^^ 8 
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0 O&fc 100 CCT-aPlfBC^SfTV^ ^MbTl 2 0 0*^1 5 

ff^JitJ&W*^^. s£{bsf?^**JR©*^«offifc:, r;i/^^- (ai 2 o 3 ) # 

-» 

fcStffcttfcftfflTS**, #3WlK:#V>Ttt, ±*fcb&YAG*SBfe#fcffcfi*© 

*ft*©ftfc»ft*J*Bfcat3fe#tt, R*&*4 0 0-6 0 0 nm©*fcJ;oTajB 
£ttT383fe^£l:ft#*T?*0, fllfcfcf* Y 2 0 2 S : Eu, La 2 0 2 S :Eu« C 
aS:Eu, SrS:Eu, ZnS:Mn, ZnCdS : Ag, Al, ZnCd 
S:Cu, AlfW^S. £©«fc3K:YAG&&3fc#££&K:#6&©ft 

&±©<k5£bT^J&£ft£YAG^^ft\ &<ktf£ft&fcmft#K:ft£$ 
n**fi*©%fc»3feT&IBfc8^tt, »3fe^©ffl#*i5fcfc^THiJfe&& 

* £^$1 * - mm&-t&& v x h x ^ h , - m*> e> & § * fc*n^ 
aw©m^^5©3t©sfiK:<k*iBfi^ii6n*. corns, sfkytmna* 

25 *m^#^YAG3fi»3W«fcD^^©«^ffifcjfiV^itK:B11Sn*«fc'5 
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1© 


5 #J|ff08i^T»5T, *S*«±K:^<i'bll2J| 


* 

15 S^tt<£T«^Vi. 
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^©illlllttS i0 2 , Ti0 2 , AhOa, Zr0 2 « o t&i2H2 
$£ilH4©&flM©B#T^£g^ 

Dffib^£ft±£i*3fc©T&£ 0 <fcD#?l;b<tel. 4^±2. 3OTiT 

10 wmm^mo^nnm, mm*Mfo<Dmmmm*x.y?->?f\z&v)^y 

i^Tll $&&&©ftflIJg 4ttX7f>^ bT^&^m 1 1 y 7ft \Z? 

<5o cintt, »ijewt©«WK4©^fflfi«&»^*r*&»T?»*. hct« 

SttWfcV*. *©&* ^2^'f4©^a)t7?:^2©mii6©y'1'ir-^>'7 ; 

w >^«**»ViT*## 2 ±^ l lfitttt©MJK4 ©&MWU:fcj*lJtr 

§ 0 2 !6Jttt©MUK 7 2 ©HJ^±® fcJ&lBrt £ C tmmo-y 

a-h^J$QWM\Z&%mmft?*~i?*fflM?ZZt&7!%Z>o VK\Z, %2 

25 f/HXSMfS (019) o 

w^iuf3¥S^^s±^^-r§o set, *<D±.\zv>%*m&hxft 
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7tf/KXtt5 (02 0) o 


mi 2i$. ^mm<D-mm^m^mmir^m^mmm. ^mmr&Zo 

So 
So 
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5 *frLT%imnM<D&{k®^&m*%t%&ib®¥&foM?^&%' bqbb: 


15 & 0 3&i©«ffi©IBnfre&o-t\ 8MB£fc##S#©»HJ*fci& l 


1 2 Strict** E£jW*tV> (02 A) o *■©&, ^ftftflftlfit 

mMt&mm&mz&K>mGt>#z> (H2B) . »d^*>*isw«mw± 


T£ (02 C) 


<D&itto¥mftm<o&ftUfcf&2<DnM&i&tfrtrz (0 3 a) 


^2©««K*^tfe^©m2#«S©^'fb^¥##l©SI±S®^|Hia^W 
l/Tfe«fcV> (04 A) o ^©&, «7-<^-^>x^>^^^^T^{^^ 


#mT<D±M%:%2mB&<DQmMTm^ (0 3 B, 04 B) , 


K:lHfl#tK£JNcl/Tfc«kV* (0 5, 011) . 
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;i/ (MgAl.OO ©i^iiltSE *fc*Mtt** (6H> 4H, 3 

C) , ->Un>, ZnS, ZnO, S i, GaAs, 94 ~Bt&&ftM 

«GaN*A 1 N^O^bI*¥^S«Sffl^S2:t'bT€S. 
7>^;i/bTViT : bJ;<> TC®*fflViS«-&fctt, 0. 1°~0. 5 

0 , #F£l><teO. 0 5° -0. 2° OUfflil-^c 

y77ltl/Ttt, HRSAl.Gai-.N (O^a^O. 8) tg$tl5M 
£D£?£b<te, Al.Gai-.N (O^a^O. 5) T?*Sn5Sft«l 
fl^Sffi^S, ny7r*OiUiItt» $f^b<^0. 0 0 2-0. 5tfm> <fc 
0£?£b<&0. 0 0 5-0. 2 Mm, $<bfc£ri;b<teO. 0 1-0. 02^ 
mT&3. /t-^ylC^IMl $?£L<te2 0 0-9 0 0«C, <tD$f^b 

<»4 0 0-8 0 ora§« «mfc«fcD* ^b^¥^#l±©^^tfy 

ZiJ&*T#-«. SSfc, i!BSIS«±CELO (Epitaxial 
Lateral Overgrowth) £ 0 A 1 xG a i-,N (O^X^l) JP£j&S£i£ 
TfccfcHo ^©ELO (Epitaxial Lateral Overgrowth) &£&^fbtl¥ 

»M/£fiJBfcbTtt> 7>H-7 p <DGaNX«n^Mtl ; &H-^bfeG 
SL<tt3iim^±T^^ , i^M^M^SM^^ 9 0 0-1 1 0 
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K>\*%*y7x*)W-&Q*i*<teZto&Vtol). AljGai-iN (0<j • 
<0. 3) nffl3>^^MOjR»tt#IClS3e$hSt>©T?J4^ 

5 17 ~ 1 X 1 0 20 /cm 3 , J:D$fSU<«l X 1 0 18 ~1 X 1 0 19 /cm 3 Ta5 

^BJ^fflV^^l (tg&JB) teu iJ>&<£*>* A 1 a I ruGai-a-bN (0 
^a^L O^b^U a + b^l) !d^^#plt> Aid ridG a i-c-dN 

io (o^c^i> o^d^i, c + d^i) frzj&zmmmt, fc^trtmfcF* , 

bGai-a-bN (0<a^l, 0<b^l, a + b<l) t, A 1 c I n d G a i- c - 
d N (0<c^l, O^d^l, c + d<l) igttEfcfflV>&ttSSMbtt 

20 T?»H«ya:S[S«, mwmzfe, g a noa > t y w-t?**^ 

#FJi©j!J¥te, £?£L<»1 nm£U3 0 nmJBOs iD^L<«2nm 
K±2 0nmaT> S6l:ffSU<tt3'. 5nm^±2 0nm^TO5. In 
m£?)/bt£\,*t#FmtLT&mzmffi1t'f. 3 OnmiO^tlnA 1 G 
25 aN04^fiftO*iStt^Tb* : p«ftt*<ffiT , rs*>e)T*5. 2nm 
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20 


25 


SI Onm&Tib 
<&3<h, ?SttJB^#:OJfiJil^J?<feDVf©±#*ai<^6T**. 


T?&3„ 0lJ*-k£> LEDTIt 5X 1 0 16 /cmm2X 1 0 18 /cm 3 TO 
fiF£bV>. JSaWj©LED^LDTtt» 5 X 1 0 17 / c m 3 UU: 1 X 1 0 2 

°/cm 3 ^T> £0£?i:b<telX 1 0 I8 /cmm5Xl 0 19 /cm 3 OTT 
^5, Z.(DM&. ^Ffitinl^ttli^RKlt^ba:^*^ &5W3:7>K 


Bn (nttJEOSE*) KF- 


£bV>„ 0H*.i& nllffl;!i^t^tn#ffi©l 

Tm#S0#FlW m (mfclEOSElfc) K: F-^TS £££ «fc D ±120 KM©: 


J; D t>A> F*t y ^x^;!/^ 
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nmPiTO^TH OMIifctt— «KAle I nuGa^e-dN (0<c^l> 0 
^d^l, c + d<l) T^bSftSAl InGaN©47U& XSA 1 G a 

RFmrnzmfo? s^tms. ^ii^inmt5^ (d> 

0) , Ini&/$Jfcd»0. lfiCF* £D£?£b<&0. 0 5^m?>. I nil 
j£Jfcd**0. 1 jsfcfiftfcA ltln «h®£jfcdS<Em£ft&II4<Mg 

#Fi0«^i:i^lnm^i3 0 nmOT, £ D$?£L< »2 nmPi!2 0 

©^^U7©KDa*^T#Sfe0T*n««ffclfi)e$n^:V^ A 1 kG a i-k 
N (0£k<l) jWfl^&ft, ftfcAlkGai-kN (0<k<0. 4) ^Sb 

o vM^yy \*m<DmB\z&\zm£zw2i^'t) i * #t&v<\to. oi~o. 

25 3 jLiriK £D#f£b<te0. 04~0. 2Mm-C&5o pl^75/ HlOpS^ 
*fi«JJME«. 1 X 1 0 l8 ~l X 1 0 21 /cm 3 , 1 x 1 0 l9 ~5 X 1 0 20 cm a T 

ft'PflKS) X%&^o &mBM<DWiG, ±IB0A 1 uGai-kNt, *-n£0A> 
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GtRfflz. In.Gai-.N (O^Kl) , Al»Gai-«N (0^m<l, m 

mmT*&z>m&, /vsv**y7x*)v%-Qj<.z^m&tf'bz^M<D'pfc< t 

)k\zv^yy F1±K:pM3>^£ M£;Wf S» pM3>?£ bite, 

AlfGai-fN (0^f<l) ^fflV>e>n, AlfGai-fN (0^f< 

o. 3) T*mj&?zzt\z£K>*-^yy-nM^&%miommt&m£*-^ 
mdotb < a i m^it i © p m n > * * h m t , p m^mwMm&fe < 

A l»j£Jt©i«V>&2 0!>pi!:3>*# hltT^f SZltfcT^So Sf§l©P 

i 

*»WTtt^«*#»&^f*^JiMb^ffi^ (MOCVD) ft, ^A7-f 
HftfflXt!^*'>^;HfiS (HVPE) ft, SHHSXt!**^- (MB E) ft^£ 
©^J&gft£JBV>T/fc&£i±3 

WM&Kl±fcaft*¥»»2«*«l (ill A) , ^iA- 
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y2&m v &*>nz>f&lV>nm*3J&'T : bo R&10*ffi3«Ni» Au, w, 
5 Pt, Ti, AK Ir, Rh, Ag> Ni-Au> Ni-Au-RhO, Rh 
-I r, Rh-I r-P t#T&£o #£U<KkElt#©iS5V>Rh, Ag, N 

5. 1 (OMBommt 0 . 05~0. 

g i ®m 3 zMfoLtzmm^mw 2 ©sw®^^ 1 

10 4£7&J&T5 (SIB) 0 C0#ltelH4©&MI©tt#&S i 0 2 > A 1 2 0 3 , 
ZrOa, T iOife^©mJBIH*fctt#JBI«*ffl^ac:fc*«T?#*. jefc*©± 
©£#StR£©ft!iD£:foi2:fflfc:Al, Ag, Rhfc£0iB£lt#0&JWJI3;?&J& 

ZZttf-VgZo Au, Sn, Pd, I nfr Z&ZffifrZMUtlZ'Pte 

1 »1£<Z>&^l4 Kl^mJl 5 (Dm 1 Mg^RhOT^T 

20 £. RhO££M(;:7Wtftfc£ Ag£^3Cl£fc&DAg0V<^l/->'3 > 

m?Z> (02 A) o JMfcflltLTte, Cu-W, Cu-Mo, AlSiC, A 1 
N, Si, SiC> Cu-y^^mv&mtty^yZroim&fcteZ-e&Zo M 
25 -^^CUxWi-x (0^x^3 0) , tfeCUxMoi-x (0^x^5 

o) ©cfc^^-rc^OT^.s, AiN^^^i-rn^^tts^TS^cD 

«5 0-5 0 0 Atm-T^^o Huf3lSffl^i#S^^<t-S^iT»«m< 


WO 03/065464 


PCT/JP03/00757 
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#2&Kfl!l©*IMtJi 1 2T&& 0 fllfcfcfT i-Pt-Au, Ti-Pt-Sn, T 
i-Pt-PdXttTi-Pt-AuSn, W-Pt-Sn, RhO-Pt-S 
n, RhO-Pt-Au, RhO-Pt- (Au, Sn) Q<D&m&%J&ffcf 


l 3 tteZo M 


*m^&t>^T, (H2B) o 1 5 0*C^± 

•mz^n^nm^M, nun, *a»tsn^.Tv^ct*w*b^. 


0. 3 /imilOlSCAulWlT'bl^o teO'&t) 


WKijam i onm/T i— p t-Ausn-p t— t ^©nut 

lfiD«i/RhO-P t-AuSn-P t— T i /£j#S1£> IlCDti/T 


i— P t— PdSn— P t— T \/%nWSsi. f lOtS/T i—P t-AuS 


MP (tr^tUV- ^ijy^a) MSt~3££T/^©]g|T&&fg2 
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wz, Mian 2 mnm<Dmtw^m (Dmmmzm 2 onm 6 *7b$ts 

5 (03 A) . i2 0iiCnIiS$ffl^§i^l:(iT i - A 1 -N i - Au, 
W-A 1 -W-P t -Au, A 1 -P t -Au&WS. 

o. i~i. 5/imtt§„ *fc, ytomr)itiv®m*fa±.z j £z>t£it)izm2m 

<D&mm7 Zl&rftT %> (03B, 04B) . !*£2f&flH£®ftME7ttS iO a , 
Nb 2 Os, AI2O3, ZrQ 2 , T i 0 2 &£©#feti$|T&3. 3te®3fct> 


15 WL/«i**|^±$^:Sfc»fcK#«[*|©»fflM$R I E^TGfl&7#tfc£7#$T5 
^tfeTfS (05) o W&Mtfttmt, RIE^iyMy^moT 

20 ^±6 0° MTftZo ^rcumm<D^mmmt^m^ mmvt, n 

1. 0#m~l. 5wm^§ 0 C©a*tt[HiaJaiS^0. 2 jLimJ^at^S 
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'b©tJt^T«JEE&±H r «c:i:^<, 3fc©#0ffiU8M5»l. 5j&£JUb£fcS. 
^©^©^-T^>^^i;§5 i ^tf>^B#©>'3--h^l^JhT#§o 

zttfTZ, mijhs 5 omwfiuftst. Enfc&u ft#©u-7 7-f:rg« 

H*ffi^f!l«Mte'bjWBJKlcS2©«ffiS^l/TVi*. /1y HM^J$1H« 
^^±©2*H) F ffcEge>Tagppl^T{r^bTfeckVio £fcf&l©««fc£2© 
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5 


10 


20 


25 


1 2 A^-r^im^mwmytm^mm mi 2 b) tjis^ 


T**©3W*bVi. :©M4 0tMSiO 2 , AI2O3, Zr0 2 , Ti 


4H»a^¥2ll#2 tgJUTV^V^fcA 1, Ag, Rh<$©KltllJI (S 
wSnWfcVO $5 0 0 AELh 2 0 0 0 AOTcDMJ?T^1-§ £ fcTtttfrlRl 


15 V>53fcJ$^W&*Mfe&*lR)±*r5 


5. ^fe^w^^iz-if-^^- Ft^Tfcfijffi-rs z\ w^f^. 
2 (Dmmtf$$:\zmz$tz?'(7*m? 0 m s \z\zm 1 <£>m»v\° v F«ffi&#*r 


SOUTHS 
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HWD^UNflC^^ltSfe^T^S. #l;Lkt Ni-Pt-Au-Sn-A 
u> RhO-Pt-Au, RhO-P t -Au-Sn-Au, Ti-Pt-Au 
-Sn-Au, Ti-Pt-Sn^It§. 

mmUHZft 5. JtLTg4kM¥Mfom<Di%m\ZT i-Al-Ni -Au, w- 

ai -w-p t-A\itz.E\z&K>m2<Dmm6*Bj&? s. ^2(7)m@ 

(0i|*.fcj:niMtffi) £W£§5<£5K:S i 0 2 , AI2O3, Zr0 2 , T i Chfoi: 
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(Hi3) o 3mmm±\z'j>-?3L< t*>m<D- 


®l©*as^LT^I#S«*iWi»5'&t)**S4©Igt, ^©m, fuiBffl2© 
i=K&|iS^c$"ti-«»5©Xgi:&II^.TV^. 


© 


fcJ^S. 7;i'5~#A§£fc»¥&#^#mfc#/fcT*CfcttGaN*A 1 N 


feffi&2iatf5J:i:K:J;oT, 7;i^~C7A£BufBffll © 


MfBSl©«HtWI3^tl¥^#:)ii:©^® : &^^iT^^i: 
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ftttDfflU3tt*OT*S. WS©»tn«> 3fe»Dfflb»*ttJH9fc 

^<h^^)o ff8B^lCD«att*ftB*^*rsfc«), Pd, Au, Sn, I nfr 
fc£, KpflMMSttAl, Ag, Rh, Ni, Au, P dfr &»*tta 

7, SIC, GaNf) ±fcnaSEft«f¥*#Ji» pIM*i#i 

©JBKU&Jfcl/fcft* ttpaa<b«l¥»#«©J*Mfc^2 ©iSSftJiPfft£E»t:J: 

m«*^UTi52©»K*WD'&t>'a:*ct*#«t'r*. jict, &2©g« 

-^W^^Dt-^ bMtbT^$nfcl/^Xhi^2©SMJ©X^^rvi/- 
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& nb &mmm zmnvrcz-tiz&z #imt \t®m $ n § » # £ ^ 3 © x*§ 1 1 

T&& 0 S3g»^ttF5-rxy^>^ (RIE) ^tfxy hXyf^T 

fr^tTO. 1 Mm^-^-Oft!l«i^RriBt^«. &fc£4©Xg£LT, Iff 

m * »i«r * ji t * «« i r s . & % ©aw * t 

K ^ItOftSD^t^f^ilCT i - P t - Au, Ti-Pt-P 

d^^^^^e>M^n^>^<^ s bic)©^!|Bf$^bT, miommti 0 0 

*C~5 0 0*CM7?f»yUXSffV^a^$^S. #fcfg 5 ©XgTfffBfg 2 
t-AuSn> T i - P t-PdSn£/8l©M/afM&¥##/&2©* 
(IS 1 ©Xg) 

*?\ H 1 ©S=IS 1 0 1 ±fcSMM&¥*# 1 0 2 (01 3 A) . 

^©m, ^{frfc^&ffJlSXy^^T* (01 3 B) o C©l7f>^«ilt 

$l¥#&l 0 2©Xy5 1 >^£ftT^&V*fg$fc:|f!2©m@ (pMffi) 10 3 
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£t#I&T£ (01 3 C) o 0 2±fc82<DS«l 0 5 

£Ii!iD£fc>-£3 (ill 3D) o B2(DS^1 0 5&ft!iD£:b-fr£8tffJBl 0 4 

10 II, X#*$/5!MKIW)&**a. &2©Ms», tflBfll#»0@«S (Mm 
2 ) £U ti2(DfiMM^L (/zm) tt%>£, L/S^O. 02T 

2©llHSNi, Co, Fe, TK Cu, Rh, Au, Ru, W, Zr, M 
15 <t*b— MfrZffcZo 

m 2 (dim) 

3E) . il©S«l 0 l»5f«^X^5/TU-1ffigltfc«koT^$nS. IS 
l©g$£|ifc£b£M?Bgfc^¥##l 0 2©«ffiffitt3 6fc«;&;k#Uy-> 

3 (DIM) 

mz, «rBisft«#j»#«o*ttji8R:as6*»^-r* (hi3f).. --t% 
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(fg4 0I;H) 

#Cfc, tfjiBm^^®fc^l©m@l 0 6^^b (014A) , 
Wil 1 1 *m%K>^%> (014B) . IiliD&fri^&tbTte, AuSn^ 
PdSn^ I nPd^©^^7^Xlffl^®fcMLfc^il«l 1 1 

&o c(Dmom^t>^m.mti 2 ox:&s±, #?£b<&i 5 o*ck±, 300 

Pt, W, Ni, T i^^ilUMIiD^^/t'JTiSMlTt)^^ 
BuiBfgl ©m^l 0 6 ibT&> Al-Pt-Sn, A 1 -W- I nmtfc 

§„ <Dmm\$h~?)\'m&*5 o o o o oAsn^irs. 

>>A©l^j?«5 0 0 0 0 OAOTtTSo 7;^-££&±iBMJ¥tSffl 

m <Dn®i o 6<Dmm\t2 000A-2000A-3000 oAtfc%o 

TV^T^^o ^S«0$f*bV^@<i:bT«5 0-5 0 0 /imt^§. ItffB 

/W£bV>o 09*. Ti-Pt-Au, Ti-Pt-Pd, X&T i -P t - 
AuSn, W-Pt-Sn, RhO-Pt-Sn, RhO-Pt-Au, RhO 

-pt - (au, sn) m<D&mmr$>z>o WD^toiaro&M&JRfcXJe 
(.m 5 (dim) 
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20 


tS5©IgT, %2<DMWL1 0 5 £|&£T3 (H14C) 


ft**!* 


5 ;i/-2-tfPU F>fc2©W8B8*!lT? 


T3;i<i:t>tH*£. AuSn 


§ 0 ^n&©^«W^i(Dm^t)iiTfeffl^^it^TS§ 0 

01 4D) . &\z, ®mm<Dmnm\zrty hwisws (hiba) . 

15 U t£fe©1t7 7^7S&£^;fc^b#^^ 


1© 


3 K:*WS±fBtt^©SEfls«¥*#f6^*^**f . £&S4£±fc 


«2©*«W3t«tDliJUlii±lc|HB3RK:^$nw* (016) . 
WP8B©iS8t«l~l 0 0ftm 2 l?$5, *fcH2©Mttia|R©^±fc; , ?y H 


(017) c 2 MIB»2©*a±CttS id, A 
I2O3, Zr0 2 , Ti0 2 , Nb 2 Os^ T a aOsfc£©£JW*£fctt#Jllftfr5 


25 $£&aM*&:rrs©)W$i/v> 


©KS«Rtt*Jiil*fc^JiKT»*. ft 


T*#5£©, ^fi^&^flMMfc&lRU'f 5iI<i:#T££o »2©WI&IHilK, 
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10 £v*t, mB^2(Dnmum^ojmRn/x\t^M\z^^y-^^vx^ 


15 ^f!) 

&jF\zifmm<Dm^ummm^t^, ^mMuz-nizm^nu^o 
mmm 1 ] 

* 

(C®) £0fc£^gSm£MOVPE<D£jft^fifoiz:y hU zksjt^b 

20 mU<DMm*l 0 5 0'CST±#$-&> X&0^U-~>^£fT5o 

(A*y7 7l) 

TtTMG (h>J ^^tfU^A) > TMA ( b U *9-)V7)l5.~y&) t%m 

S^l±^A 1 0. 25 Gao. i 5 N&r)-&%rty7Tm*®l 0 0*>yxha 

f\ TMG©^§±fet, 0 5 0 < C*l! i ±#$1±§o 10 5 OWzU-o 

tcZ, IWJb^SWXKlTMG, T^-TtfXSrJB^ 7>F-7'GaNil 
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5 


10 


15 


20 


25 


03S1. 5 ^m©IUn?^t4. »V>T1 0 5 0*CT> Ri;<Stfl#*fc 
TMG> 7>*z~7%7^ 7FmWZ\Zi/7yflX%m\ Si§4. 5X10 
18 /cm 3 F-^fcGaNJ:D^nl3>^^ b®£2. 2 5 um<D&m'V& 

7>F-"/GaNl§3 0 0 0 h P-A©IWT?J5ftfi$it\ ttV*TEIiI 

SKITS' 5 >#X£j£JjnbS i &4. 5X1 0 l, /cm'H-^b&GaNIS3 

£>&38£EJ¥3 3 5 0 :fr>^X h D«-Att§. EU:£f§ 2*MIS!0SMM&aM* 

mM<DM£.X\ 7>K-:/GaNJ§£4 0^>^X hn-Aj&S£-fr, 
M^8 0 0t:(:lT, TMG, TMI, 7>^7SfflVi, 7>H-^I 
no. 13 Gao. 87 NJf£2 0t>^X hD-A^$t§o 2:n5©»f^ftl»D3g 
U 0ST^aWiS12\ #^KGaNJl£4 0t>^Xhn>-^l§ 


§2 0 0#>^X hP-£©llJ¥T/& 


$Vrci&&£8 0 O'Cfcl/'C TMG, TMI, 7> ; En7^ffl^7> 
H-yi no. 4 Gao. .N J; D 3 0 h D-AOKHTf^^ 


• • • 


§41, £5K:8tJiLT, Mil 1 2 0 hD-A0#II?#P 

J;Dfc*iSttJiSj£B2"&*. £H$Jf©T (SMI) fcfc 

$nw*nffl&2£»|*£,;iVvfftfc, GaNi^I nGaN|®iS# 
HioTM^nT^?)^ Sttjf K#£ft3 I nGaNiOMH n 0 . 4 Ga 

o. 8 NTa5<5o 

^l:, S^1 0 5 0tTTMG, TMA, 7> ; &-7, Cp 2 Mg (~>#D^> 

^V^m^^ytiK) Mg§l x 1 0 20 /cm 3 F-^bfcpMA 1 


0. 2 


Gao. 8 NIS4 Ot^^XbD-AOJIDI^fiSt, 8^Tfi£*8 0 0 
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•Cfcl/r, TMG, TMI> 7^-7, C p 2 M g Srffl^Mg £ 1 X 1 0 20 /c 
m 3 K-r/LTt I no. osGao. 9 tN®^2 5 t>?7s b n-AOJOTTfrioftSii: 

5. dn&©isi^si*Djgu £Sfc5jrp3*iu s^mepsaio. *g 

ao. 8 N»*4 0*>^XhD-A©IWT^*S«fcje*^»ifi©^iilll«3 6 
5 5 :t>^X h 0-A©M)re/&g$i*£o 

i^T1 0 5 0'CT, TMG, 7> : E~7, Cp 2 Mg$fflK MgSlXlO 
20 /cm 3 F-yUcpiGaNj:^5pi3>^^ M£l 2 0 0*->^X h 

EJfcJ&T^ aftS*M*TTWT, 3&fcg*£ffl&*, ^xA^» 

7--'J>m £x/\ Sflfct) til U ^l(Dm^i:UTpMm@ 

plfiC»Rh$2 0 0 OATMt^o ^©^, t-5y^7 
6 0 CCTffofc^ 82*6fctt©«MlS i O 2 £ig|j?0. 3 /imTf 

15 P t -Au-S n-Au©JEK:JUS2 000 A- 3000 A- 3000 A- 30 
000A-1000 AT?^*TS. 

£&»^1 lSffliTrs. HJW2 0 0 tfmT?*D Cu 15%, W8 5 
%3&>6l£S£J#a&K©^®K:3MtS£T i - P t - P d ©0KHOT 2 0 0 0A- 
3000A-12000 AT^-TSo 

25 I E^gtCcfcD, S i OaT^^TGaN^y^Kl^HiSff 5. 

MBnSJn>3?# M±^2©m@6 , rfe^n^«@^T i -A 1— T i— P 
t - A u ©JlifcMJ? 1 00 A- 2500 A- 1000 A- 2000 A- 6000 
ATMt§, Jj«t«*10 0ymS-pWil/&ft, £J#S^©*@ 

KT i -P t -Au^l 000 A- 2000 A- 300 0 AtMlfct, ^ 
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is>¥%ft5o ^± J; D # 6 tl§ L E D if ait-f XiiU mm X 1 mmTS o 
T, m^n^2 OmAI^^T, 4 6Onm0ffe^iU fcti^4mW, 

immm 2 3 

mMMl\Z&^Ts 1 1 OiiT $ § p Hi & A g ti^t § . S9l3pM« 

T#5n5LED^tH^6mW, Vftt3. 3VT^§„ 
[HJSfll 3 ] 

MMMllZ^X, mmtf2 0 Otfm^^TCu 5 0%, Mo 5 0 
n§LED^«tH*4mW, Vf&2. 9VT^S. 

4 ] 

%m\zxh7^7Bft'T?m&]&tfc,*ff5o paau©«!$tti. sumtu Baffin 
S3m a«te*3 /imm. -e©ffi©^ttN«ifrs. ^ox-<>y;p 

JPIfcitK mfif*MWL2 0mAII*^Titi7J5. 4mW, Vf»3. 18VT 
JEfrlRlfcflEl 0 OmAfcfcVvrffi^ 1. 3mW, Vf**3. 447?$o 

5 ] 

^Midaa^^fT^o fiffi©¥iii^R£Afc^£T<5. affiffi»8Mm, enffi 

3. HODxW >yWll:i;D, J®#ft€^2 0mAfc£V>Tffi;fr6mW, Vf 
«3. 2 9VT&&0 *&0#fa*ife2 0mAfc:feVvrfcltfj2 3. 4mW> Vf 
#3. 5 2T&ofc„ 
[£ «<J 6 ] 
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5 


20 


25 


tti#6. lmW, VfttS. lVTS^o $fcJR£fi]«fc2 OmAfccfeHTtiJ* 
2 4. 7mW> Vf*«3. 4 1T&^fco 


[gttffll 7 ] 

;J60!ifc*v*T, p 


TSSA 1 £5 0 OATJ&J&TS 


n 


t(0fillI*ZrO 1 


EDiftt^. £(±J;D#6n5LED^WX*UmmX ImmT&o 
T, mJ5fimffi2 OmAfc&^T, 4 6 0 nmOffi^^l, til7J 6 mW, 

L E D tt5t«t 0 tB b$#fci#«l&l;:|H£i#fc V> © t it^X 1 . 5 t 

[£JS0»J 9 ] 

l 0 ] 

;Jfi^J7fc*^T, IS2«5IWt©fii«M*T iOs W2. 7) TfHll. 
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tT§o K±t«toT#6nsLED*ftttij*, v f thfommowmmz 

[ jAdtM l 1 1 

7S:^T, **£H&$t 5 1 0 < CT7> ; E-7<hTMG (MJ^^tfU 
7 A) SfflK *R±fcGaN«k0fcSA*y7 7J12£8j2 0 0 A©IWT?J&5 
ftM/$&JR : /^>7 7l^ TMGO^&ih&T, 1 0 5 0 

t:ST±#$ii, 1 0 50tl:^jfc6, I^XCTMG, 7>*:~7£JB 

i*fc 0 1 0 5 0OTMG> TMA, 7>^7, Si£ 

5X1 O'Vcm 3 F-7*bfcnS!A 1 o..,Gao. »N<tD^5nI^7 7 KJ1 
5 £ 3 jamOJftffTTB/fcbfc. 

2&g£8 0 O^CLX, ^XtlTMI ( h U *3\>W >W&) , 
TMG, TMA£/B^, S i F-7°©A 1 o. iGa 0 . 9 NJ;D&3^Ji, 
\Z7>Y-7<Dl no. o 3 A 1 o. 02 Ga 0 . 9S N «k »M<D/#F 

JB®/*M(D/#FS(D/[S|tSl(E)©IIK:S(jlbfc. coH, I«J1®£2 0 
OA, »&«<I>£<E>&4 0A, 7 0 A©JR*Tf^Ufc. igteJi 

3«ff&j4 2 0A©#fiM^#P$§j£ (MQW) tfcZo 

frXnWfS.** 1 0 5 0'CTTMG, TMA, 7>^7, Cp 2 Mg 
(^D^>^i?X-;K^^/^A) Mg£l X 1 0 20 /cm 3 F-7° 

VftA 1 o. 2 Gao. 8N<fcDfc£pM£5y KH7&6 0 0 A ©IMTfiBgS i£ 
fc. ffiwr, pa^5yHl±K, TMG, TMA, 7> ; E~7, Cp 2 Mg£/B 
V>T, MgSlxi 0 "/cm' F-^l/fcA 1 o. G a«. i , NJ;D&5J62© 
p§Jn>^ hJifco. 1 <im0i»?^St, ^©^, #X©$ii«£f|gb 
TMg$2X 1 0 2l /cm 3 F-7 p LfcA 1 o.o, Gao. ■ > N«fc D&SSH2 <DpM 
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fornix ^mnw^ ^xa§hmw(^^t, 7oo , ct7~-u 

mHTfc3p®Hi:bfco ^©&> ^-$^^7^-;^6 0 O'CTfrofe^ 

p^;g©±te:, N i -P t - Au-Sn-AuC^ll^iliib 
x, mm 2000 A- 3000 A- 3000 A- 30000 A- 100 0 ATt£ 
f&btco N i Hit I> PtteA*U7il> SntiIl©*IW> * 

bTP ttSnWAuIH S n«JAUrM^ttJJrr*©*B&Jl:f *«W* 

*^)B©AuJi»«*tt&lRl±$**fi:f"J&*fc't*. 

^S=KtbT, HOT** 2 0 0 n mT, C u 3 0 % tW7 0 

pbi&z&m&tiL&M^ *®&m&WL®%M\z.. Ti^^^m pt^ 

000 A- 3000 A- 120 OOATf^lfc. 
' t-^M^?r2 5 O'CTyi/XiPJEbTMJEE^bfCo iin{CJ;D> $M 

y HE© A 1 G a NJf /WajT££T$T0bT, M^n^iK bfco 

i -A 1 -T i -P t -Au^6Jj5^IiS*' ill 0 0 A-2 5 0 0A- 
1 0 0 0A-2 0 0 OA- 6 0 0 OATfjWbT^ 2 0ll > ?*« ntlil 
fee ^©^ 0 0tfm*"CW*bfc^ 3d*3&tR©*iBfcpfMiffl 

©Ay FM£bT\ T i -P t -Au^&^II^l 000 A- 2000 
A-3 0 0 0A«Wc. ^f->>^fc«kD*pfca*bfc. 

ft £> tltz. L E D S^Eu 1M X#* 1 mm X 1 mml*$ 0 > H^ft^t 2 0mA 
fcfc^T, 3 7 3 nmO«»*wl, m#te4. 2mW, Vftt3. 47V 
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imnm 1 2 ] 

1*7 7^^0TttEffi0Ktt®J&>&, $§2 4 8nmOK r FX+y?V 
— !f*ffll>T, tBA6 0 0 J/cm 2 T, Wf^lmmX 5 OmmfDi^Cl 


C; 


U 33 


mmm 1 4 ] 


5> •So 

1 5 ] 

' MUfcKfcLT, (Cffi) «kD&«*«*fflV^ MOCVDM 
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20 
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n>>7 7Mm H23 


O&ffctl^SUfcJl £ L T T M G (D £lt£> 


5 T, fit$1 0 5 0t*T±#$f, 1 0 5 OVtefcotcb, HmtfXfcTM 
G, 7> ; e~7£fflK 7>H-yGaNJ;D^§^a^©^«^#^5 
/im0lMI$tfc. #Cfc, 1 0 5 0ttTMG, TMA, 7^-7, 
7>£fflK S i £1 x 1 0 l9 /cm 3 H-^fcnIA 1 o. i Gao. .N<kDfc 


TMG, TMA£/B^, S i § 1 X 1 0 1 Vcm 3 F-^lfcA 1 o. o»G ao. 92 N 


i(D/#FS(D/ 


i®/#FJl(D/|sm 


<Z)JHMOt)ibfc 0 £CDB#, ltgl(I)£(I><h(S)<h<|)£^n^ft3 7 0 A, 


15 £©£(D£^n^n8 OAcDEJTeTMbfc 


^ttstt, ms&m® 1 7 o o k<D&mm*#F s m& (mqw) t&s 


8$ 13 


4>> i o 5 or-e 


TMG, TMA, 7>^7, Cp 2 Mg (5/^D^>^^X-jK^>"^A) 
Mg£l X 1 0 20 /cm 3 H-^tfcA 1 o. 2 Ga<>. 8 N J; £ pi^ 7 
y 7 0 A©mj¥Tj&B£-&£. Slwr, pM£ 7y F®±1;:, TM 

G, TMA, Cp.MgSffl^T, Mg^lX 1 0 19 /cm 3 hW 

btcA 1 o. orGao. 9 3 NJf£0. 1 #m©Jg|J¥T/&g£i*, #X<D^M 
£I«LTMg£2X 1 O'Vcm'H-^lfcA 1 o. orGao. 93 NJI£0. 0 2 


1&K^7&, 


0: 


:MT^^>Hul3A 1 o. 07 Gao. . 8 N®±fcR hJK&J8U?2 0 0 0 ATtML 
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—15, Hn&WLt^X, mm&2 0 0 umX\ C u 3 0 % tW7 0 

1, ^vxPd&ibj8,%>5iwmmm<Dmmm%:, z\<dmx, ej?2oooa-3 

000A-12000 AT^bfeo 

2 4 8 nmOK r FX^^Vl/- tf£fflV>T, tB^J 6 0 0 J/cm 2 T, I/— ifft 
llmmx 5 0mmOmVi\zLX±&<DEttffi±m%Z*V>VXU--t?Zmtt 

btco v-^mmz&x>yMm<Dmm¥%fo*ftm\sx, ^yy^^u^w 

$€>t, nMA 1 oaGao^NiD^nli'^^ Filtf)^ DMJIW 

2. 2 jtimi|§^K:&5i;TW0bTM^n£&K bfc. 

tfffBn^^^^ h*S±fc, T i —A 1 — N i -Au^6^5#IiiS 

lOSillpmo/ly FmSiUT, T i -P t -Au-Sn-Au^^ 
3#Jfli£2 0 OOA-3000A-3000A-30000A-1000AT 

t# £> nfc L E D jfiTO, +KX>*lmmX ImmX&K), Ji^lR]^2 0mA 
C&^T* 3 6 5 nm©f ^§^1, tB#&2. 4mW, Vf&3. 6VT 

[HJS^J l 6 ] 

*H»J«, t6LED$ft:Ht§fe©^5, 

^(C^ViTTK^ffl^;^, 1 0 5 0 < CT^®©£'J-->^£fTofco 
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A) Sl£±K:GaN«ki9fc5A>7 7®2£$j2 0 OAOflUTClMS 

iifcc /ty77»**& TMG©*£lk«>T, fijttfel 0 5 O'CSnUiJIS 
■ft, 1 0 5 OTCfcfcofcS, M**#*fcTMG, 7>^7, >^>£J3l\ S 
i^ix 1 0 1 Vcm 3 F-:/L7bnMGaNJ;D&&nMn>#£ h!£5 /zm 
©liT^^ffc. 1 0 5 0t:TTMG, TMA, 7^-7, 

£fflV>, S i^5Xl 0 17 /cm 3 F-^bfcnMA 1 o. isGao. B2 N£D&£n 

#m^8 0 OT^LT, mmflXfcTMI, TMG> TMASrfflV^ S 
i K-y<DGaN<fci9&?>l^e, f©±H7>h^"/©I nGaNiDM 

0 A <7^S»^#F (MQW) £&£o 

TK^ffl^, 1 0 5 0ttTMG> TMA, 7> : E-7, Cp 2 Mg 
(i/ZUsOZVX^Wtf^i/yk) £fflV\ Mg^lxi 0 20 /cm 3 F-^ 
VfcA 1 o. 2 Gao. 8 N<fcD&3p§!^y 7 £ 6 0 0 A OglJrt* j&S £ ft 
fc. ^V>T#5y KJf_h£TMG, 7> ; B~7, Cp 2 Mg£fflV*T, Mg§2X 

1 0 21 /cm 3 ^lfcGaNJ;D^pl3>^^ M£0. 1 5 nmomm 
T/&S$ftfc. 

7~-U>m £x/\£H)fcW^£maiU pl3>^^ M<D±£Rh 

&fc> pm@^>±^> liitlTNi-Pt-Au-Sn-Au©#iI 
mjP2000A- 3000A- 3000A- 30000A- 10 0 0ATI 


WO 03/065464 PCT/JP03/00757 

54 

^SStbt, mm^2 0 0 umX\ Cu 3 0%<hW7 0%©1t^#: 
3000 A- 1200 OATIItfc, 

Womtmftio, ^2 4 8nm©Kr FX^i/Yl/- tf£ffl^T, tB^7 6 0 0 
J/cm 2 T, W-1f7fe£lmmX5 Omm0^(CbT±fa<D£*f®:£®£X* 

nl3>^^M±C, T i -A 1 -T i -P t - Au ft Zf&Z&mn 
m*. Ml? 100 A- 2500 A- 1000 A- 2000 A- 600 0 ATtM 
lTl20iiT^§nlitlL ^(D'fe, 0 0 wmSTffi 

bfc^, #mtt*4£0^®£pmilJB<DA o y F«H£bT, Ti-Pt-Au^ 
S>$3^Jf^l£l 000 A- 2000 A- 300 OAt^lbfc, ^1;, ^-f v- 

# £> tlfc L E D 1M Xft 1 mm x l mmT & D , W33\pI%U 20mA 
£M>T, 4 6 0 nmCDtfe^^Mb^o 
[H»il 7] . 

^WJl 6«h^©^#(c^0, gfc^¥##:ifi^£f£§lbfco gft 

^s^^bfc, z\n\z&v), &&*g?%mkM*mfcmytm?t)mt>nrzo 
mmm 1 8 ] 
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ft. S&fcfcffiiBfc&^WtbTYAG&^lrL&S i0 2 l:a-T^^ii 

*2>o 

mmm 1 9 ] 

M*^£bT, l^r^i" (C®) <fcD&3gl£Sffl^> MOCVDE^ 
SgftK^^Jc^H^K 1 0 5 0Wmm<D!7 V-~>!f%fiofro 

m^X, 7K*l?ffl^4«, 5 1 0'CT7> ; E-7<hTMG (HJ^Wl'tfU'? 
A) SfflV^ am±£GaN e kD&£/^77!£$J2 0 0 A©$ljr«:S£i± 
fc. ;\'y7 7l^ TMG<D#£lk&T> S^S 1 0 5 0 1Gi;T±#£ii\ 
1 0 5 O'Cfc&ofcS, imtf^fcTMG, 7> : e~7£Jl^ 7>H-7°Ga 

MUj%&mf8,w&* t£t>\zmmo)&mx, iwxhtmg, tma, 7>=t 

X, 7>F-7°<Z)GaN^£>S i^ixi 0 l9 /cm 3 F-7°bfcnSA 1 o. o 7 G 
a„. 93 N3;TAl©2iif.J££S i © F-7°ft££#^ bT^J&bfco 

1 0 5 0'CTTMG, TMA, 7> ; 6~7> ->7>SfflV\ Si SIX 
1 0 19 /cm 3 F-7°bfcnMA lo.ovGao. 93Nj;D^§nl^77 F/f5S 

2. 5 £tm(DMJrWj&b£o 

tamS 9 0 OrfcLT, HWXIITM I ( h U >^?A) , 

TMG, TMASfflV^ S i SI X 1 0 19 /cm 3 H-7°bfcA 1 o. 09 Gao. 91N 

-e<D±k:7>F-7°£> I no. oiG a 0 . 99 N J: 

fcHJlLfco |^Mji® ( i:(D<i:(§)«h®S^n^n2 0 OA, #F«G)£<D 

)k\Z, zK^HS^ 1 0 5 0WMG, TMA, 7>^-7, Cp 2 Mg 
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UfcA 1 o. asGao. .2NJ:t>fc*pS!*7V H*7 *2 7 0 AOHWTjfcftStf 
fc» il^T, pM£5y FJiifc, TMG, TMA, T^-T, Cp 2 Mg£ffl 
V*T, Mg^4Xl 0 18 /cm 3 F-ybfcA 1 o. orGao. 93 NJ: (Dp 

Mg£ 1 X 1 0 2 Vcra 3 H-^lfcA 1 o. orGao. 93 Nck t> &5^2 © pl3 > 
^#hJl£0. 0 2 Mm©JJgjrr/&g$-frfco 

10 7--U>m tfxA*EJ6W&*>&WtUJU pi3>^^M(D±ilRh 
M<£Ei*2 0 0 0AT?MbTp«Stbfc. -£©^ t-5>^7^-M6 

71, ^LTPd^£>]£3£!2©&,fl^l£> H©«ST?, MJ92 0 0 0A-3 
000A-12000 AtMLfc. 

20 asj^jsKS^fc. 

•*7 7^'t£#©Tttflto©Kft®a>e>, &S2 4 8 nmOKr FX* 
1f*/flV>T\ 0 0 J/cm 2 T, V-*$%*: 1 mmX 5 0 mmCl 

n!a>^^M±C, Ti-Al-Ni-Au^6(R5#lMSH 
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l o o um$.x»mmhtz&, l«ttM®SW:piSfflo/ , ?>> HfltlT, 

T i - P t - Au-Sn-Au^^#il^2 0 OOA-3000A-30 

oo A- 30000 A- ioo oA«ifc. z/y^z&ym?* 

ftmvtc nnmtvmm\t* ^n^no^mwrnmrn^mzm-ox^mz 

ZOm^fe* /VVZmm 5 OOmA (A°;V7,iti2 ix sec, ra-f^ 

-1%) £&^T, 3 6 5nm«f^U fflWill8mW, RMIE 
4. 9V, ^gRi^M^. 9%T> $ C> H^MTit^m^ 5 0 OmAld&Vi 
10 T> 3 6 5nm(DM^^U tB2i&100mW, E»J«iE4. 6V, 

[|H«J 2 0 ] 

3. ^-(D^, ^b^^^M^R I EfcJ;^ 4. 5 jLim<D^STXy^>^ 
15 TS„ *r<D'&. W,l<nnM (pUJM) ^Ni-AuTl)|8 0A-10 0 

I2 0S«T$SCu-W1S (Cul5%) £ffllcLftrfBg<fttl¥# 

+1-7 t -f TlSOlI^iML/, M\z-y-y r -i 7W$i<DMM& X) $/T W 

US i F-T'OGaNM^EfflS-frS. gffibfcftliBG a N®±fcl^X 

25 A 1 -P t -SnJ;D&£H2©M (n#m@) 6*2000 A- 2000A 
- 3 0 0 0 0A<2J¥£TGaN»£7«f 5. Sfc^S&t&SC uW (C 
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